Scientific conferences provide an important forum to disseminate information regarding current research and to share ideas about medical advances among colleagues. The abstract presentation at a meeting is an ideal opportunity for researchers to communicate new concepts and receive peer feedback. Nevertheless, the abstracts often present preliminary results with partial information and without final conclusions. The meetings' abstracts may have a greater influence on clinical practice and encourage The PubMed (MEDLINE) database was searched to identify matching journal articles. Data collection included: topic, geographic origin, presentation type, publication status, and impact factor. A multivariate logistic regression model was used to assess odds of publication and impact factor. Results: Our analysis included 1742 research abstracts. The overall 2-and 5-year publication rates were 33.3% (n = 579) and 47.2% (n = 823), respectively. The highest publication rates were found for Association for Research in Vision and Ophthalmology (36.1% and 51.9%, p < 0.0001), paper presentations (44.5% and 60.5%, p < 0.0001), researches from Oceania (35.8% and 57.1%, p < 0.05) and North America (36.2% and 50.5%, p < 0.05), and Basic science studies (44% and 60.3%, p < 0.01). After adjustments, higher odds of publication were shown by the Association for Research in Vision and Ophthalmology and the American Academy of Ophthalmology meetings (p < 0.0001), papers (p < 0.0001), and Basic science (p < 0.05). The median impact factor was 3.20 (interquartile range = 1.90-3.40). Conclusion: Less than half of abstracts presented at the major ophthalmology meetings reach publication within 5 years of their initial presentation. Professionals attending meetings may consider adopting a more critical approach to the preliminary results reported in presented abstracts. Increasing publication rates and reducing potential publication bias is of interest.
scientific discovery if published as full-length articles, providing an accessible and reliable record of information.
However, a relatively small number of conference abstracts reach publication. The conversion rate to publication of meeting presentations has been reported to be 44.5% in a 2007 Cochrane systematic review. 1 Reasons for nonpublication include lack of time, publication bias, and inadequate study quality, since a more rigorous peer-review process is required by most scientific journals for the publication of research papers. Failure to publish leads to loss of resources and prevents advances in clinical practice.
In recent years, several studies have reported a wide range of publication rates across different medical specialties. [2] [3] [4] [5] [6] [7] [8] [9] [10] However, heterogeneous information is available on publication rates of presented abstracts in the field of ophthalmology. [11] [12] [13] [14] [15] [16] The primary aim of this study was to investigate publication rates of abstracts presented at five major ophthalmology international meetings including: Association for Research in Vision and Ophthalmology (ARVO), American Academy of Ophthalmology (AAO), European Society of Ophthalmology (SOE), European Association for Vision and Eye Research (EVER), and Asia-Pacific Academy of Ophthalmology (APAO) within 2 and 5 years of their initial meeting presentation. The secondary aim was to evaluate the factors associated with an increased likelihood of publication.
Methods
All abstracts presented at the annual meetings of ARVO, AAO, EVER, and APAO in 2010 and at the SOE meeting in 2009 (it takes place every 2 years) were identified. Inclusion criteria required poster presentation or paper presentation (free paper) at the aforementioned meetings.
Abstracts were either retrieved online or provided by the associations in PDF format.
The ARVO abstracts were identified on the official association website (http://www.arvo.org). The search included the following steps: annual meeting, meeting info, past annual meetings, and online abstract search and itinerary builder for the 2010 annual meeting. Session type was set at first to paper session and then to poster session. Every session was searched fully to display all the related presentations. The AAO abstracts were identified on the official association website (https://www.aao.org) with the following steps: annual meeting, meeting information, meeting archives, and program search and meeting archive. Year was set to 2010, meeting to annual meeting, topic to all topics, sort by to event number, event type at first to paper and then to scientific poster, special interest to all special interests. The EVER meeting abstract book was retrieved online in PDF format. The SOE and APAO meeting abstract books were provided by the associations in PDF format.
A total of 20% of all free papers and posters presented at each conference was randomly selected and reviewed. The selection was made manually, counting one in five consecutive abstracts (i.e. abstract number 1, 6, and 11), using the online archives (for ARVO and AAO) and the abstract books (for EVER, SOE, and APAO). Withdrawn abstracts were excluded from the count.
MEDLINE database was manually searched to identify peer-reviewed full-length publications arising from presented abstracts. The PubMed Central interface was used for this study (US National Library of Medicine, National Institutes of Health). 17 A search algorithm was developed to assess publication rates, and two reviewers independently performed a manual literature search. The search field was narrowed down between 6 months before the conference and 5 years after the conference. For the initial search, the last name and the first name's initial of the first author of the abstract were used. If the initial search successfully identified more than 20 publications, a second search was performed adding keywords from the abstract title. The manuscripts were then evaluated by title, keywords, and authorship.
An abstract was considered to match a full publication only if the authorship, the title, and the content of the published manuscript corresponded highly with the presented abstract. Specifically, the full publication had to show the following features: authors' list including at least the first and the last authors of the abstract, title including the same keywords of the title of the abstract, and material and methods clearly reproducing those of the abstract. Publications including a different sample size (compared to the abstract) were considered a match if the authorship criterion was respected, and the aim and methods of the study were identical to the abstract. Disagreements between the two reviewers were resolved by discussion or by recourse to a third researcher where necessary. If the search algorithm did not successfully find a match, the abstract was considered as not published in a journal available on PubMed. The search was concluded once a suitable match was found. No effort was made to evaluate if an abstract led to multiple publications. Analyses of all abstracts were carried out between 1 July 2016 and 1 January 2017.
Information about title, first author, topic, geographic zone, time to publication, presentation type, journal name, and impact factor (IF) were retrieved for all published abstracts. Topic assignment was based on the sub-specialty of the presentations (cataract, cornea-external disease, glaucoma, intraocular inflammation uveitis, neuro-ophthalmology, ocular tumors and pathology, orbit-lacrimal-plastic surgery, pediatric ophthalmology-strabismus, refractive surgery, retina-vitreous, basic science, and other). Geographic zones were identified on the author information section on PubMed, retrieving the country of origin of the first author (North America, Europe, South America, Oceania, Asia, and Africa). The publication status was analyzed for each abstract using a 5-year follow-up period. Thus, abstracts were categorized as not published, already published at the time of presentation or published within 2 or 5 years of the meeting date. Journal names were paired with information from ISI Journal Citation Reports to assess the publication year IF for the journal (Journal Citation Reports ® published by Thomson Reuters). 18 Data were collected in a computerized database (Microsoft Excel; Microsoft, Inc, Redmond, WA).
The proportion of research presented as abstracts during the considered scientific meetings and then published as full-length peer-reviewed journal articles was calculated considering three time points: (1) meeting date (i.e. data that were already published in a peer-reviewed journal at the time of the meeting), (2) from the date of the meeting to the second year after the meeting date, and (3) from the third year to the fifth year after the meeting date.
Cumulative proportions at second and at fifth year were also calculated.
Pearson's chi-square test was used in an univariate analysis to compare full-length publication proportions according to the selected abstract characteristics such as meeting, type of presentation (paper session or poster session), topic, and geographic zone. A multivariable logistic regression model was used to evaluate the association between selected abstract characteristics and the probability to be published in a full-length peer-reviewed journal article.
Linear multiple regression using rank-transformation was used to evaluate the association between journal's IF and the selected abstract characteristics.
All reported p-values were two sided. A p < .05 was considered as statistically significant.
All analyses were performed using R (www.r-project. org).
Results
A total of 9000 scientific abstracts was accepted for presentation at the ARVO 2010, AAO 2010, EVER 2010, SOE 2009, and APAO 2010 annual meetings, of which 6468 were accepted at ARVO, 676 at AAO, 469 at EVER, 695 at SOE, and 692 at APAO.
Of these 9000 abstracts, a total of 1742 (19.3%) was randomly selected for analysis, including 1237 abstracts from ARVO, 136 from AAO, 91 from EVER, 139 from SOE, and 139 from APAO. Table 1 shows the characteristics of the selected abstracts in total and by meeting.
Five years after the meeting presentation, 919 abstracts (52.8%) were not published as full-length articles. The overall 2-and 5-year publication rates were 33.3% (n = 579) and 47.2% (n = 823), respectively.
For abstracts that went on to successful publication, the 0-to 2-year conversion rate was higher than the 3-to 5-year conversion rate (28.2%, n = 491 vs 14%, n = 244). A limited number of presentations were already published at the time of the meeting (5.0%, n = 88).
Publication status of the selected abstracts was significantly different according to the meeting (p < 0.0001), type of presentation (p < 0.0001), geographic zone (p = 0.01), and topic (p = 0.009) as shown in Figure 1 and Table 2 .
The highest 2-and 5-year publication rates were found for ARVO meeting (36.1%, n = 446 and 51.9%, n = 642, respectively; p < 0.0001), paper/oral presentations (44.5%, n = 106 and 60.5%, n = 144, respectively; p < 0.0001), researches from Oceania (35.8%, n = 15 and 57.1%, n = 24, respectively; p < 0.05) and North America (36.2%, n = 277 and 50.5%, n = 386, respectively; p < 0.05), and Basic science studies (44%, n = 103 and 60.3%, n = 141, respectively; p < 0.01).
Meeting, presentation type, and topic confirmed to be associated to the publication rate in a multivariable logistic regression (Table 3) .
Compared to ARVO, the AAO presentations showed a similar chance of publication (odds ratio (OR) = 0.83, p = 0.43), while abstracts presented at APAO, EVER, and SOE were associated with a significant lower probability to be published (OR = 0.25, 95% CI = 0.15-0.40, p < 0.001; OR = 0.59, p = 0.03; OR = 0.46, p < 0.0001, respectively). Papers had more than double of the probability to be published than the posters (OR = 2.15, 95% CI = 1.60-2.90, p < 0.0001). Basic science topic was associated with higher odds of publication compared to several major clinical topics (cataract; cornea and external disease; pediatric ophthalmology and strabismus; refractive surgery; retina and vitreous).
The factors influencing publication rate were the same for all the meetings (heterogeneity p-values: p = 0.88 for the interaction between meeting and type of presentation; p = 0.69 for the interaction between meeting and geographic area; and p = 0.96 for the interaction between meeting and topic).
The median IF of the journals publishing the papers included in this analysis was 3.20 (0-33.6) and it showed significant differences based on the characteristics of the originating abstract ( Figure 2 , Table 4 ).
As shown in Figure 2 and Table 4 , the highest median IF was associated with ARVO (3.20, IQR = 2.00-3.60, range = 0.00-33.60; p < 0.0001), paper/oral presentations (3.40, IQR = 2.70-4.40, range = 0.00-33; p < 0.0001), researches from North America (3.40, IQR = 2.40-3.90, range = 0.00-15.00, p < 0.0001), and Basic science abstracts (3.40, IQR = 2.70-4.60, range = 0.00-15; p < 0.05).
Discussion
To the best of our knowledge, this study is the first study evaluating and comparing the fate of abstracts presented at several major international ophthalmology meetings.
We found that 33.3% of all presented abstracts were published at 2 years and 47.2% were published at 5 years after the meetings. These data are consistent with those reported on a wide range of biomedical specialties in a large Cochrane metanalysis 1 and in a systematic review by Von Elm et al., 10 both reporting a publication rate of approximately 44%.
In the field of ophthalmology, previous papers, performed in the 1990s, had documented a higher publication rate for the ARVO and the AAO meeting abstracts (approximately 60%) [11] [12] [13] when compared to our data: 51.9% for the ARVO and 46.3% for the AAO. However, recent researches reported lower publication rates (39%-46%), [14] [15] [16] more in line with our results.
In the literature, several factors potentially associated with publication rates were evaluated including: reporting only positive results and data from randomized controlled trials, large sample size, oral presentation, basic science, higher quality, multicentricity, pharmaceutical funding, and academic affiliation. 1, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] In the present study, conference, presentation type, and topic all showed to be associated with publication rates (Table 4 ). In fact, the ARVO meeting was associated with the highest 2-(36.1%) and 5-year (51.9%) publication rates; the abstracts presented as paper (oral) presentation had the highest 2-(44.5%) and 5-year (60.5%) publication rates; and basic science had the highest 5-year (52.1%) publication rates. These results are in agreement with those previously reported by other authors in different fields of medicine. 1, 4, 5, 8 The meeting committee usually assigns oral presentations to higher quality abstracts, thus the meeting program committee peer-review process may play a significant role in the preliminary selection of research studies that meet the quality standards needed for publication in high impact scientific journals. 4, 27 The majority of first authors were from North America (43.9%, n = 764), which showed a significant 5-year conversion rate of 50.5% (n = 386), slightly lower than Oceania (57.1%, n = 24). However, as recently described by Mimouni et al., 14 analyzing the fate of the 2008 AAO abstracts, the North American abstracts were associated with the highest median IF of publication (3.40). As already suggested, 14 this might be due to greater availability of resources for US researchers or to the language barrier. Native English speakers, whose first language is the current language of science (and of ophthalmology), might have an advantage in the peer-review process.
A minimum 24-month follow-up period is recommended for studies aiming to assess publication rates. 1 We investigated the publication status of 1742 abstracts at 2 and 5 years of their initial presentation in a meeting. This method had been previously adopted by Fosbøl et al. 6 abstract-to-publication ratio as a novel quality indicator for objective comparison between scientific meetings. 22 Therefore, to make comparisons possible with future similar studies, we suggest to select analogous follow-up periods.
Meeting committees are in charge of judging the quality of research abstracts for acceptance at scientific conferences. This peer-review selection process is the first step in dissemination of knowledge, playing a crucial role in the scrutiny of the medical findings that may reach subsequent publication in peer-reviewed journals. 4 Winnik et al. 7 reported that accepted abstracts have higher odds of publication than rejected abstracts and that they are published in journals with higher IF. These results, together with the higher publication rate of orally presented abstracts compared to posters, support the hypothesis that abstract peer review at conferences is a valid method for the selection of high-quality studies worthy of publication and suited for acceptance by journal peer review. 4, 27 More than half of presented abstracts are unpublished within 5 years of the conference, revealing that on one side, efforts should be made to increase publication rate of abstracts presented at international meetings, and on the other side, meetings' abstracts should be cautiously interpreted. Publication of results as full-length articles in peerreviewed journals may not represent a priority for medical professionals 21 and preparation of abstracts, and presentation at a conference may be encouraged as educational experiences, especially in academic institutions. However, investigators should be reminded that the goal of scientific research is for patients to benefit from medical discoveries. This purpose can be fulfilled only by publishing results. The authors should be encouraged to further develop the subject of their studies, collaborating with academic research teams to generate manuscripts of adequate quality to be submitted for peer-review evaluation. University institutions should focus on improving critical appraisal of scientific literature and writing skills of fellow students and residents, providing guidance for standing up to peer-review processes 2 and teaching that failure to publish amounts to research waste and, arguably, to scientific misconduct, for example, violating the trust that patients place in scientists when giving informed consent. 15 Moreover, the relatively low publication rate of research abstracts, together with the frequent substantial discrepancies between the data submitted in the abstract, presented at the meeting, and published in the final paper 28 suggest that researchers should interpret preliminary data presented at scientific meetings with caution. 14 There were several limitations to this study. Publication rates may have been underestimated because PubMed was the only database we searched, such that articles published in non-indexed journals may have been excluded from our consideration. Published manuscripts may contain new data and may have been developed by different authors than the corresponding abstract. In this case, our search algorithm may have not identified a possible match. Although it is unlikely, some manuscripts may be under current submission and still be published in the near future. In our study, we reported that the majority of published abstracts reach publication within 2 years of initial presentation, so the number of articles that may be found in peerreviewed biomedical journals after the selected follow-up period should be small. Abstract books and online archives assessed in this study did not include rejected abstracts, thus we could not evaluate their rate of conversion, despite non-acceptance for meeting presentation. Due to lack of collectible information from our data sources, we could not analyze the association between odds of publication and the following important factors: positive results, academic affiliation, pharmaceutical or state funding, and study design. Professional societies should request authors to specify these details during the abstract submission period, facilitating further collection of data for future studies. In conclusion, the almost 50% overall publication rate of abstracts presented at five major ophthalmology conferences, at the same time is an encouraging information and highlights that there is much work to be done. Conferences committees seem to be doing a good job in evaluating and selecting the submitted abstracts. In this sense, if publication rates may be used as metrics of quality of a meeting, ARVO showed an outstanding result, with the highest number of presented researches, the highest publication rates, the highest odds of publication and the highest median IF of publication. However, professionals attending meetings should adopt a critical approach to the preliminary results of presented abstracts. Efforts should be made to increase publication rates and reduce publication bias, as well as to improve support and guidance of trainees in developing manuscripts of adequate quality, worthy of publication as full-length papers on peer-reviewed journals. The dissemination of medical advances in the scientific community, enabling research data to have a real impact on clinical practice and benefit the greatest number of patients, should continue to be our major goal. 
